


The Wyoming C a n ~ l  i s  a p a r t  of the  Rivcrton Pro jec t  and i s  
designed t o  c a r r y  water from the Wind Rivor t o  lnnd approldmntely 20 
miles north and west of Riverton, Wyomin~, Figure 1. Several  drops, 
checks, and siphons were roquireu to  c ross  t h e  xr regu la r  t e r r a i n  and 
d e l i v e r  t h e  water t o  l a t e r a l s  north of Riverton. To p ro tec t  t h e  
Wj-orning Canal f r o m  damage by  f l a s h  f loodnnters ,  an in te rcep t ing  d i tch  
was constructed along t h e  u p a s h  s i d e  of the  canal  t o  i n t e r c e p t  and 
evacuate the floodwaters i n t o  Five  Mile Creek. 

T h i s  repor t  covers t h e  hydraulic model s t u d i e s  made on th ree  . 
Hyomine, Canal s t ruc tu res ,  naqsly: the  r e c t a n f i l a r  drop a t  S t a t i o n  99?3! 
00, Figure 2; t h e  waator~y a t  Sta t ion  1188i56.5, Figure 3; nnd the  
i n t e r c e p t i n g  d i t c h  chute i n t o  Five  f i l e  Creek a t  S t a t i o n  1+31.68. The 
studies on the t k e c  s t r u c t u r e s  were conducted more o r  l e s s  simultane- 
ously and t h e  r e s u l t s  of one were applied t o  t h e  o t h e r  tt70. Each of 
t h e  above r~entioncd o t ruc tu res  has a notched c o n t r o l  wal l  e i t h e r  t o  
hold t h e  hydraulic jump i n  t h e  still in^ basin o r  to  prevent d ra l~dom 
of the w a t e r  sur face  as t h e  flow b p s  i n t o  the s t r u c t u r e ,  

The t h ree  structures are covorcd separa te ly  In Ulc rcport .  
Although only  one drop s t r u c t u r e  was modeled and t c s t c d ,  the s tud ies  
covered a Oride rt%nce of flow wndf t i o n s  so that the expcrimcntal 
r e s u l t s  mny be applied t o  o t h e r  atruct.ares of s imi ln r  d e s i p  i n  t h e  
projoct .  
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SUMMARY 

This report covers the hydraulic model s tudies  of three otruc- 
tures on the Wyoming Canal, namely: the  concrete &op a t  Stat ion 997+00, 
the wasteuay a t  Station 1188+56.50, and the chute on the intdrcepting 
d i tch  a t  Station 1+=.68. A model of each s t ructure  was constmcted and 
tes ted.  To avoid confusion i n  presenting the r e su l t s ,  each is discussed 
under a separate heading. 

PART I--WYOMING CANAL DROP 

Hydraulic model studies of the drop s t ructure  were xmde t o  
check the s i z e  of the notches i n  the  control wall and t o  determine the 
adequacy of the s t i l l i n g  basin. The resu l t s  and recormnendations a r e  
based on studies conducted on a 1:12 scale  model;" Figures 5 and 6. 

A ser ies  of t e s t s  using two control  notches were made t o  
deternine the best  lacat ion of the control  w a l l  with reference t o  the 
chute, Figure 8. I n  developing the proper number and s i ze  of control  
notches f o r  the s t ructure ,  extensive general studies were made t o  
deternine the e f fec t  on the head-discharge curves with d i f fe ren t  notch 
arrangements. Head-discharge curves were obtained f o r  the  following: 
two control notches placed d i f fe ren t  distances apart, Figure 9 ;  two 
control notches w i t h  beveled, square and s,ilarp edges, Figure 131; and 
m e  t o  four control  notches o f  equal area, Figure 12. A s-ry of the 

I general conclusions reached from the  above t e s t s  i s  l i s t e d  on page 7. 

Except fo r  i n s t a l l i ng  a row of baff le  p ie rs  t o  reduce the 
1' waves i n  the downstream canal, the preliminary basin was adequate. The 

baf f le  p ie r  studies a r e  summarized i n  Figure 15 .  



- 
flow a re  shown i n  ~ i g u r e -  16. 

PART II--WYOMING CANAL WASTEWAY 

The wasteway studies were mde  on a 1:12 scale  model ta 
determine the s ize  and location of control notches required t o  maintain 
an e f f ic ien t  hydraulic jump i n  the s t i l l i n g  basin. 

Three notched control  walls were tes ted,  Figure 20. The 
s t i l l i n g  pool operstion f o r  the three designs a re  shown i n  Figures 21 
t o  23. 

After determining the s i z e  of control notches required t o  
fonn an e f f i c i en t  Jump for  all flows and tail-water elevations, erosion 
t e s t s  vere made using different  end s i l l s  and lengths of apron downstream 
from the control  w a l l .  The depth of scour WBS reduced by extending the 
apron of the s t i l l i n g  basin 10 f e e t  downstream, Figure 24. No appreciable 
improvement i n  the scour pat tern vss obtained by adding e i ther  a 1:l or  
2 : l  end s i l l  at  the downstream end of the apron extension. 

PART III--INTERCEPTING DITCH CHUTE 

A 1: i2  scale  model was constructed t o  study the intercepting 
di tch chute in to  Five Mile Creek. The model was used t o  check the 
dis t r ibut ion of flow on the chute, and t o  determine t h e  s ize  of control 
notches required t o  hold an e f f i c i en t  hydraulic jump i n  the s t i l l i n g  
bas i n .  

The d i s t r ibu t ion  of flow i n  the chute was very sat isfactory,  
Figure 27. However, the notched control  wall of the  preliminary design 
offered insuff ic ient  resistance t o  the flow t o  form a good hydraulic 
Jump at  a l l  tai l-water elevations. Four addit ional notched control  walls 
vere tes ted  in  developing the recommended design, Figure 26. A s m r y  
of t h e  notch t e s t s  i s  l i s t e d  in  Figure 28. Flow i n  the s t i l l i n g  basin 
a t  two tail-water elevations is shown in  Figure 29. 

Erosion patterns and water-surface prof i les  f o r  the  recommended 
design a r e  shown in  Figures 30 and 31, respectively. 

To provide a means of zzasuring the di tch flow in to  Five  Mile 
Creek, a cal ibrat ion curve is  shown in Figure 32 f o r  the control section 
a t  the upstream end of the  chute. 



INTRODUCTION 

The drop s t ruc tu re ,  located approximitely 25 miles northwest, 
of iiiverton, Wyoming, is  one of three  drops on the  Wyoming Canal. The 
other two drops which a r e  similar i n  design, except f o r  the  amount of 
f a l l ;  a r e  located a t  Sta t ions  1016+50 and 1502+00, Figure 1. Although 
model s tud ies  were conducted only on the  drop a t  S ta t ion  99'/+0Oy the  
r e su l t s  and recommendations evolved from the  study may be applied t o  
the  o ther  two s t ruc tu res .  

The preliminary design of the drop s t ruc tu re  consisted of a 
check vall with three  notches, t rapezoidal  i n  cross sect ion;  a chute 
on a 1-1/2:1 slope which lowers the  cans1 grade 1 7  f e e t ;  and a s t i l l i n g  
basin, Figures 5 and 6. The notches i n  the check w a l l  a r e  designed t o  
pass a given quanti ty of water a t  the  normal canal depth f o r  t h a t  discharge. 
A t  the  m i m u m  discharge of 1,203 second f e e t ,  the normal depth is  9.5 
f e e t .  

Hydraulic model s tud ies  of the  s t r uc tu r e  were nade t o  check 
the s i z e  of the control  notches and t o  determine the  perforxnance and 
aZequacy of the  s t i l l i n g  basin. 

THE 1:12 SCALE MODEX, 

The model of the drop s t ruc tu re  m a  b u i l t  t o  a geometrical 
sca le  of 1 :12 and included an apprcacti c;tmnnel, 6 f e e t  i n  length; the  
drop s t ruc tu re ;  and an ou t l e t  channel approxlmtely  10 f e e t  i n  length,  
Figure 6. The approach and o u t l e t  channels had the  same cross - sec t ioml  
shapc as the Wyoming Canal and represented the  canal upstream and down- 
stream from the  drop s t ruc tu re .  Except f o r  sand i n  the  bottqn of the 
o u t l e t  channel, the  model was constructed of concrete screeded t o  metal 
temp3ates. I n i t i a l l y ,  the notched control  wall. was made from redwood; 
b i t e r  i n  the  s tudies  14-gage sheet  metal was w e d  t o  f a c i l i t a t e  changes 
i n  the s i z e  and locat ion of the  control  notches. 

Water was supplied t o  the model  by a v e r t i c a l  turbine pump 
and was metered thr19ugh a combination Venturi and o r i f i c e  meter. Depth 

I of vater  i n  the  c a w 1  both upstream and downstream from the  drop s t ruc tu re  
was measured by poilat gages mounted over the  center  of  the  canal. 



General 

P r i m r i l y ,  the model studies of the drop s t ructure  were made 
t o  develop a notched control w a l l  which would discharge 1,203 second 
f ee t  a t  a head of approximately 9.5 fee t ,  t o  determine the best  location 
f o r  the control w a l l  such tha t  the flow was evenly d i s t r ibu ted  as it 
entered the s t i l l i n g  batsin, and t o  determine t h e  adequacy of the s t i l l i n g  
basin. Extensive general studies were made t o  determine the e f f ec t  on 
head-discharge curves with d i f fe ren t  notch arrangements. 

me prelininary design of the  s t i l l i n g  basin was found satis- 
factory except t ha t  one row of baff le  piers  was ins t a l l ed  i n  the basin 
t o  reduce the height of waves i n  the downstreeun canal. 

Control Notch Studies 

I n i t i a l l y ,  the model was b u i l t  according t o  t h e  preliminary 
design, Figure 5 ,  and operated a t  discharges of 1,203, 600, and 300 second 
f ee t ,  Figure 7. A t  the m i m u m  discharge of 1,203 second f e e t ,  the 
upstream canal depth was 8.2 f ee t  o r  1.3 f ee t  below the design depth of 
9.5 f ee t .  Also, water passed over the top of the notched control  wall 
t o  a depth af approximately 6 inches. After passing through the control 
notches, the flow spread l a t e r a l l y  and f o m d  two large f in s  of water 
In the chute between the notches and a smaller f i n  of water along each 
t ra ining wall, figure 7. The s t i l l i n g  basin operal.ion was f a i r l y  uniform 
but rough with comparatively high waves i n  the downstream canal. 

A t  the lower flows of 600 and 300 second f e e t ,  the flow d is -  
t r ibut ion down the chute and through the s t i l l i n g  basin was similar t o  
mxirmun flow except f o r  a reduction i n  the height of waves and f i n s  of 
water. 

To prevent the high f in s  of water from forming downstream from 
the notched control  wall, t b e  downstream side of the w a l l  between the 
notches was streamlined i n  several  di f ferent  shapes. Although stream- 
l in ing  the flow downstream from the notches eliminated the f i n s  of water, 
this solution eras considered impractical and expensive t o  construct. 

Several t e s t s  were then made using tnree notches of various 
s izes  and shapes, located a t  different  distances from the chute. kom 
visual observations of these tests, it was found t h a t  the f i n s  of water 
i n  the chute could be reduced o r  eliminated by moving the control wall 
upstream from the chute, forming a horizontal section of channel i n  
which the f lov  could spread Laterally before entering the chute and 
s t i l l i n g  basin. From these preliminary t e s t s ,  it was decided t o  determine: 



(2)  the number, s ize ,  and spaciag of the notches i n  the control  w a l l .  

For the purpose of locating the control  wall with reference 
t o  the chute, two symmetrical notches, rmde f'rom 14-gage sheet metal, 
were used. Each notch was ll f e e t  3 inches high with a bottom width 
of 3 f ee t  9 inches and a top width of 9 f e e t  4-1/2 inches. The ceuter 
l i ne s  of the notches were 15 f e e t  apart and the  notch edges werc square. 
Tests were made with the control  ~ral l  located 32, 37, 42, and 47 f e e t  
upstream from the chute, Figure 8. A t  32 f ee t ,  the  flow concentrated 
a t  the outer edges of the  chute and basin, while the concentration of 
flow sh i f ted  t o  the center of the s t ructure  with the control  w a l l  47 f e e t  
upstream from the chute. A t  the two intermediate distances, 37 and 42 
f e e t ,  the flow dis t r ibut ion on tnc! chute was f a i r l y  uniform. To keep 
the over-all length of the s t ructure  a t  a minimum with comparatively 
un i fom flow dis t r ibut ion i n  the s t i l l i n g  basin, the decision was made 
t o  place the control  -11 37 f e e t  upstream from the chute. 

After the bes t  location fo r  the control  wall had been estab- 
l ished, a se r ies  of tests were mad.e t o  determine the general e f f ec t  on 
the head-discharge relationship under the following varied notch 
arrangements : 

a .  The center l i ne s  of two s m t r i c a l  notches placed 
11.75, 15.00, and 18.75 f e e t  apar t .  

b. 'X'wo symmetrical notches shaped with sharp, square, and 
beveled edges . 

c .  One t o  four notches, both symmetrical and unsymmetrical, 
placed i n  the control  w a l l .  I n  each case, the t o w  area of the 
notch (or notches) vas equal. 

Figure 9 shows the result16 of the s tudies  using two synanetrical 
notches placed different  d i s c a c e s  apart. The control  wall was constructed 
of 14-gage sheet metal with the edges of the notches machined t o  a sharp 
edge. Head-discharge curves were obtained with the center l i ne s  of the 
notches s e t  l l .7 ' j t  15.00, and 18.75 f e e t  apar t .  From Figure 9 ,  i t  can 
be seen that ident ical  discharge curves were obtained w i t h  the three t e s t  
arrangements. Therefore, the spacing of the notches i n  the control  w a l l  
i s  not c r i t i c a l  as f a r  as the head-discharge re la t ionship is concerned, 

1 and any reasonable notcn arrangement may be used. Figure 10 shows the . three notch arrangements and the flow d is t r ibu t ion  d o ~ s t r e a m  from the 
notches fo r  the maximum discharge of 1,203 second f ee t .  

. The r e su l t s  of the t e s t s  using different  edees on the notches 
a r e  shown i n  Figure 11. For these studies,  the control  wall was constructed 



notc l~es ,  placed 15  f e e t  apa r t ,  were placed i n  the control  w a l l .  Tests 
were naade with a square edge and 4- and 8-inch 45" beveled edges on the 
notches. Ident ice l  discharge curves were obtained using the two beveled 
edges, while approximately 10 percent less discharge was observed with 
square edges on the notches. For comparison, the discharge curve f o r  
sharp-edged notches, taken from Figure 3, is a l s o  shown on Figure 11. 
Although the  contraction of the j e t ,  acd therefore  the  discharge, f o r  
sharp- and square-edged notches should be s imi lar ,  these r e s u l t s  show 
approximately 3 percent l e s s  discharge when sharp-edged notches a r e  used. 
This apparent discrepancy was no doubt due t o  the  degree of sharpness 
of the  notch edges used i n  the  two t e s t s .  Fourteen-gage sheet metal, 
which m e  used t o  construct  the  sharp-edged notches, can be sharpened t o  
a higher degree than wood, which was used i n  the  t e s t s  on square-edged 
notches. 

The above t e s t s  showed t h a t  f o r  a given head, the  discharge 
was the  same through a notch with e i t he r  4-  o r  &inch 45" chamfered edges, 
while the discharge f o r  the same head w a s  decreased by 10 t o  13 percent 
(depending on the sharpness of the  edges) when square- o r  sharp-edged 
notches a r e  used. 

Tests were next run using one, tvo,  three ,  and four notches, 
both symmetrical and w&ymmetrical, with 4-inch, 45" chamfered edges, 
Figure 12. Regardless of the  number of notches, the  area  of the  openings 
was the  same f o r  each t e s t .  The notched control  wall,  which was 8 inches 
th ick,  was made of redwood. 

In general,  the discharge f ~ r  a given head increased with the 
number of notches and the highest discharge WELS recorded f o r  four synrmet- 
rical notches. Although the number of contractions increased with the  
number of openings, apparently t he  t o t a l  cross-sectional  a rea  cf the  
venae contractae fo r  each t e s t  set-up a l s o  increased as more notches were 
placed i n  the control  wall. 

To determine whether notches of d i f fe ren t  shapes a f f e c t  the  
discharge, ca l ib ra t ion  curves were obtained fo r  flow through a symmetrical 
notch and a notch with one s ide  ve r t i c a l ,  Figure 12. Results of t h i s  
t e s t  shoved t h a t  t h e  head-discharge re la t ionship  was the same for the  LWO 

notch arrangements. 

Figures 13  and 14 show the  pa t t e rn  of flow through the  d i f f e r en t  
notcn arrangements. 

To summarize the  above t e s t s  on the various notcn arrangements, 
shown in  Figures 9 ,  ll, and 12, the  following general conclusions are 



- 
without a f fec t ing  t h e  head-discharge re la t ionship .  

b .  A notch with a beveled edge facing, \rpstream w i l l  pass 
from 10 t o  13 percent more flow f o r  a given head than a square- 
or s harp -edged notch. 

c . The head-discharge curves f o r  notches b v i n g  4 - and. 8- 
inch 45' beveled edges a r e  the  same!. 

d .  The head-d!scharge curves f o r  a symmetrical and unsymmet- 
r i c a l  notch are the  same. 

e .  I n  general,  when the  flow passes throup$ one o r  several  
notches whose t o t a l  a rea  i n  each case is  equsl ,  the  discharge f o r  
a given head increases with the  number of notches. 

By comparing the  flow pa t t e rn  f o r  t he  various notch arrangements 
i n  Figures 13 and 14,  it can be seen t h a t  four  notches give t he  be s t  
flow d i s t r i b d i o n  downstream from the  control  w a l l .  The f i n s  of water 
between t he  notches and along the  t r a i n ing  walls are considerably reduced 
and a comparatively uniform jump forms i n  the  s t i l l i n g  basin. Both con- 
t r o l  wall  designs with four notches, Figvre 12,  passed the  maximum d i s -  
charge of 1,203 second f e e t  a t  heads approximating 9.25 f e e t .  Since it 
i s  des i rable  t h a t  the  lower range of flows be p s s e d  a t  heads as high 
as possible without obstructing t he  passage of weeds and other  debr is ,  the  
control  wal, with four notches, each having the  narrower width of 17-1/b 
inches, was chosen f o r  the  recommended design. 

S t i l l i n g  Basin Studies 

After the  control  w a l l  was moved upstream and the  number of 
notches was increased t o  four ,  t he  opemtion of the  preliminary s t i l l i n g  
basin was sa t i s fac to ry .  The flow was w e l l  d i s t r i bu t ed  i n  t he  bas in  and 
the  hydraulic jump formed w e l l  up an the  base of t h e  chute. However, 
surges i n  the  water surface caused waves approximcrtely 4 f e e t  high i n  the  
downstream canal. 

To reduce t he  height of  waves i n  t he  canal, a series of t e a t s  
was conducted using a row of ba f f l e  p i e r s  i n  t he  s t i l l i n g  basin. Two sizes 

~ of ba f f l e  p i e r s ,  as shown i n  F igwe  1 5 ,  were t es ted .  Each ba f f l e  p i e r  
arrangement was evaluated by moving the  row of p i e r s  from 2 t o  8 f e e t  
downstream from the  toe  of t h e  drop and recording the  height o f  vaves i n  

I * 

the  canal downstream from the drop s t ruc tu re  f o r  the  maximum discharge of 
1,203 second feet. The recorded wave height was the  average v e r t i c a l  
distance i n  f e e t  between the  c r e s t  and trough of the  waves on the 2:l  
slope of t he  canal bank at the  downstream end of the  t r an s i t i on .  



removed t o  1.4 f e e t  with the  3-foot high p i e r s  located  4 f e e t  downstream 
frcun the  toe  of the  b o p .  Therefore, t o  keep the  height of waves a t  a 
m i n i m ,  it is  recommended t h a t  a row of stepped b a f f l e  p i e r s ,  3 f e e t  i n  
height ,  be placed 4 f e e t  downstream from the  toe  of t h e  drop, as shown 
i n  the  t a b l e ,  FLgure 15.  Otherwise, the  preliminary s t i l l i n g  basin 
design is a d e q ~ ~ t e .  

F'igure 16 shows the  wster-surface p r o f i l e  a t  the  m i m u m  d i s -  
charge of 1,203 second f e e t  f o r  t h e  recommended design with the  b a f f l e  
p i e r s  removed from t h e  basin.  

The prototype drop s t r u c t u r e  near S t a t i o n  997+00 i s  shoun i n  
Figure 17. The mount  of flow through the  s t r u c t u r e  is unknovn. 

PART I I - -WYOMWG CANAL WASTEWAY 

The vasteway on tbe Wyoming Canal a t  S ta t ion  11m+56.50 i s  
located  a t  the  upstream entrance t o  the  siphon under Five Mile Creek 
approximately 4 miles north of Pavi l l ion ,  Wyoming, Figure 1. Designed 
t o  prevent overloading of the  siphon and overtopping of t h e  canal banks, 
the  wasteway regula tes  the  ca-ml flow by passing excess water tmough two 
12- by 5-foot top  seal r a d i a l  gates which a r e  manually operated, Figure 18. 
The e levat ion of the  top of the  head w a l l  above t h e  r a d i a l  ga.tes is 5510.~78 
f e e t  and, i n  emergencies, excess canal flow rosy pass over the  head w a l l .  
Stop logs a l s o  may be placed above the  head w a l l  t o  prevent tne  operat ion 
of ttie wasteway at  near maxim flows. 

After  passing through the  r a d i a l  gates, the  wtrsteuay flow passes 
over a v e r t i c a l  curve and drops approximately 20 f e e t  i n t o  a rectangular  
s t i l . l i i ig basin. The f l o o r  of t h e  s t i l l i n g  basin is  s e t  a t  a p p r ~ i m s t e ~ y  
the  same l e v e l  a s  the  bed of Five Mile Creek. A notched control  w a l l  is 
placed near t h e  downstream end of t h e  s t i l l i n g  basin t o  maintain a hyrkaulic 
jump i n  the  bas i n .  

The model stuOies were made p r i m r i l y  t o  determine t h e  adequacy 
cf the  s t i l l i n g  basin and t h e  s i z e  of control  notches required t o  maintain 
an eff l c i e n t  h jdraul ic  jump. 

THE 1 : 12 SCALE MODEL 

The wasteway model, which w a s  b u i l t  t o  a geometrical sca le  
4 ~ of 1:12, included a shor t  sec t ion of the  Wyoming Canal., t h e  vasteway 

s t ruc tu re ,  and a sand-f i l led  tail box t o  represent  the  channel bed of 



wasteway WP.S co;.\str?lcted of concrete screeded t o  templates, and the 
notched ccntrol  wall was cut from redwood. Since no hydraulic problexns 
a r e  anticipated i n  the flow through the r a d i a l  gates and t o  keep the 
construction costs t o  a minimum, two s l i de  gates were subst i tuted for 
the rad ia l  gates t o  control the flow i n  the model wasteway. 

Water was supplied t o  the model by a ve r t i ca l  turbine pump and 
metered through a combination Venturi and o r i f i ce  meter. The proper 
headwater was maintained i n  the Wyoming Canal by means of a s t a f f  gage 
and ra i s ing  o r  lowering the s l i de  gactes controll ing the flow t o  the 
wasteway. A point gage was used t o  s e t  the tail water i n  Five Mile Creek. 

General 

The wasteway i s  designed t o  pass the  meximum discharge of 
1,208 second f ee t  without serious erosion i n  the Qwnstream channel both 
when the creek is dry and when the water i n  the creek is 5 f e e t  deep. 
To meet these two requirements, the m d e l  was operated with no tail 
water and with a tail-water depth of 5 f ee t .  With no tail 'water, the 
notched control wall i s  designed t o  form and maintain an e f f i c i en t  
hydraulic jump i n  the s t i l l i n g  basin. l b e e  d i f fe ren t  notched w e l l s  
were tes ted i n  developing the proper s ize  of notches. The adequacy of 
the control walls was determined by visual  observations. After the notch 
s ize  was established, erosion tests were mde  to evaluate various exten- 
sions t o  t h e  s t i l l i n g  basin with end sills. The erosion t e s t s  were? run 
for  30 minutes. 

Pr ior  t o  any of the s t i l l i n g  basin studies,  a velocity traverse 
st Station O+7O, Figure 18, was made i n  the  m d e l  t p  aseure t h a t  the 
velocity of the model flow was representative of the computed velocity iz? 
the prototype. The velocity traverse f o r  the maximuna discharge of 1,208 
second feet shaved the Inearl model velocity t o  be approximately 6 percent 
i e s s  than t h a t  computed fo r  the prototype. Tbis difference i n  ve loc i t ies  
-as considered insuff ic ient  t o  a f f e c t  the r e su l t s  of the model study. 

Control Notch Studies 

The control notches of the preliminary design shown i n  Figure 18 
were i n i t i a l l y  ins ta l led  in  the s t i l l i n g  basin =d operated v i t h  diochargeo 
of 1,208 and 4 0  second fee t .  A t  the lll~utirmun discharge of 1,208 second 
f e e t  turd with no tail water downstream from the control  w e l l ,  the beginning 
of the hydraulic jump fonned &bout halfway between t h e  control  waU. and the 
toe of the chute, Figure 21. Thus, about one-half of the s t i l l i n g  basin 



over t h e  top of t h e  c o n t r o l  wal l  t o  a depth  of  about 1 2  inches. A t  400 
second f e e t ,  the  jump moved upstream but  t h e r e  was a d i s t i n c t  flow con- 
cen t r a t ion  along t h e  cen te r  l i n e  of t he  bas in .  When t h e  tail water  was 
r a i s e d  t o  a height  5 f e e t  above t h e  s t i l l i n g  b a s i n  f l o o r ,  t h e  jump moved 
s l i g h t l y  upstream a t  max in ; .~  f l ~ w .  A t  t h e  lower flows an uns table  jurcp 
formed with the  concent ra t ion  of flow s h i f t i n g  t o  opposi te  s ides  o f  t h e  
s t i l l i n g  basin.  

The t e s t s  on t h e  prel iminary c o n t r o l  wall c l e a r l y  ind ica t ed  t h e  
notches i n  the  c o n t r o l  w a l l  were too l a r g e .  I n  Design 2, the  c o n t r o l  wall 
was r a i s e d  t o  a he igh t  of 9 f e e t  and the  bottom width of the  con t ro l  
notcnes was reduced from 19 t o  16 inches, F igare  20. 

With Design 2,  t n e  hydra*llic jump m ~ v e d  wel l  upGtream bu t  t h e  
beginning of t he  jw~ s t i l l  f a i l e d  t o  form a t  t h e  base of the  chute ,  
Figure 22. With t h e  longe r  jump, the  s t i l l i n g  bas in  was more e f f i c i e n t  
and t h e  surges and waves were l e s s  pronounced. The height  of t h e  c o n t r o l  
w a l l  appeared s a t i s f a c t o r y  s ince  only occas ional ly  d i d  water sp l a sh  over  
the  con t ro l  wall wi th  5 f e e t  of t a i l  water.  The opera t ion  of t h e  s t i l l i n g  
basin a t  400 second feet was similar t o  t h e  prel iminary design. 

To fo rce  the  hydraul ic  jump t o  form wel l  up on the  chute,  t h e  
s i z e  of t h e  notches was f u r t h e r  reduced i n  Design 3 ,  Figure 20. The 
botton; and top widths were reduced t o  15 inches  and 3 f e e t  9-3/4 Fl.cnes, 
re;pectively. 

Figure 23 shows t h e  operat ion of Desigr: 3 with  discharges of  1tOG 
a d  1,208 second f e e t .  A t  mimum discharge,  t he  jump formed wel l  up on 
tile cnute w i t h  bo th  z e r o  flow and 5 f e e t  o f  tail water i n  Five Mile Creek. 
Tne flow was well  d i s t r i b u t e d  over the  bas in  an& t h e  jump appeared very 
e f f i c i c r l t .  When 400 second f e e t  nas put  through the  model, t h e  flow e p i n  
concentrated aiong t h e  cen te r  l i n e  of t h e  bas in .  With 5 f e e t  of  tail m t e r ,  
t h e  concentrat ion of  f l o v  tended t o  s h i f t  e r r a t i c a l l y  from the  c e n t e r  of  
t h e  oss in  with s w i r l i n g  eddies  immediately upstream from t h e  c o n t r o l  w a l l .  
I t  was f e l t  that t o  f u r t h e r  s t a b i l i z e  t h e  jump a t  tiie Lower flows would 
require shortening t h e  d iv id ing  wall downstream from t h e  control. g a t e s  
and otikerwise changing the upstream end of t h e  s t r u c t u r e  t o  secure b e t t e r  
f l o v  d i s t r i b u t i o n  on t h e  chute.  Since cons t ruc t ion  of t h e  s t r u c t u r e  i n  
t h e  f i e l d  was a l ready underway, no major changes i n  t h e  upstream end of  
t!le structure could be made. Tizerefore, t h e  chute and s t i l l i n g  bas in  o f  
the preliminary des ign  with the notched c o n t r o l  w a l l  of De~ign 3 is included 
i n  t:re recommended design.  

Erosion Studies  

After  t n e  s i z e  of notches in t he  c o n t r o l  w a l l  had been e s t a b -  
l i s tec i ,  e ros ion  tests were made using a 10-foot  extension on the  b a s i n  



model dischasging 1,208 second f e e t  f o r  30 minutes and no flow i n  Five 
Mile Creek. 

With the  10-foot apron extension removed (preliminary ~ e s i g n )  , 
Figures 18 and 2 4 ~ ,  the erosion downstream from the  basin was very severe. 
Two erosion pockets--one near the end of each t r a i n ing  wall--reached t he  
f loor  of t h e  t a i l  box.  

Figure 2418 shows the  eros ion t e s t  r e s u l t s  with t he  bas in  apron 
extendt:d downstream a distance of 10 f e e t .  The erosion p a t t e r n  was similar 
t o  that obtained with the  preliminary design but l e s s  severe at  the  ends 
of the t r a i n ing  walls. 

b i l l s  with a 2 : l  and a 1:l slope were i n s t a l l ed  separa te ly  a t  
the downstream end of the  extended apron and tes ted ,  Figures 24C and D, 
respectively.  It was hoped an end si l l  would p u l l  sand beck aga ins t  the  
cut-off wall at  the  end of the  s t i l l i n g  basin. However, it can be seen 
i n  Figure 24 t h a t  the  end s i l l  provided no appreciable reduction i n  the  
Cepth of scour a t  the  cut-off wall. Therefore, 1)esig.n 3, Figure 2 4 ~ ,  is 
recommended f o r  construction i n  the f i e l d .  

PART 111--INTERCEP!l!ING DITCH CWI"I' 

II'?IRODUCTIoN 

The in tercept ing ditch,  which is  approximately 4 miles long, 
is located southwest of Five Mile Creek along the upwash s i d e  of the 
Wyoming Canal about 4 miles northwest of Pavi l l ion,  ~ y o m i n ~ ,  Figure 1. 
As i ts  name implies, the in tercept ing d i t c h  in te rcep t s  floodwaters from 
natura l  drainage channels and conveys the flow i n t o  Five Mile Creek, which 
ca r r i es  t h e  run-off over the  Wyoming C a n a l  siphon without endangering the  
c-1. The model s tud ies  were concerned with t he  hydraulics of  the  chute 
and s t i l l i n g  basin of the  in tercept ing d i t c h  where t h e  flow drops approxi- 
xmtely 30 f e e t  i n to  Five Mile Creek. 

Like the  Wyoming Canal wasteway, the  chute s t i l l i n g  basin was 
placed a t  t h e  same elevation as the  creek bed and a notched cont ro l  wall 
was required t o  form and hold a hydraulic Jump i n  the s t i l l i n g  basin. The 
model s tud ies  were made t o  study t he  flow i n  the  chute and t o  determine the  
s i z e  of notches i n  the control  wall required t o  form a ee t i s fac to ry  
hydraulic jump. 

THE 1:12 SCALE MDDEL 

Included i n  the  model of t h e  in tercept ing d i t ch  chute; which 
was b u i l t  t o  a geometrical scale  of  1:12, was 50 f e e t  of s t r a i g h t  channel 



tail box f i l l e d  with sand representing approximately 200 f e e t  of the 
channel of Five Mile Creek, Figures 4 and 25. The bot tom of the upstream 
channel, chute, and s t i l l i n g  basin were finished i n  smooth concrete 
screeded t o  metal templates while the t ra ining walls were formed from 
wood and lined with 30-gage sheet metal. The notched control  w a l l  and 
but t resses  were made from redwood. 

Water was supplied t o  t he  mdel  from a ve r t i ca l  turbine pump 
and metered through a Venturi-orifice ~lreter. Tail-water elevations i n  
Five Mile Creek were varied by means of a t a i l g a t e  a t  the  downstream end 
of the tail box. 

.c 

THE LNVESTIGArnON 

The m d e l  was i n i t i a l l y  b u i l t  according t o  the preliminary 
design with the notched control  w a l l  shown as Design A i n  Figure 26. 
Except f o r  the s i z e  of notches, the  preliminary design i s  the same a s  
shown in  Figure 4 .  

After operating the m d e l  through the compiete range of dis- 
charges, it xss found t h a t  the flow in  the cnute xas very sat isfactory.  
A t  a l l  discharges, the flow spread l a t e r a l ly  over the width of the chute 
and entered the s t i l l i n g  basin i n  a well-distributed pat tern,  Figure 27. 
With 5 f e e t  o f  water i n  Five Mile Creek ( ta i l -water  elevation of 5487 f e e i ) ,  
the beginning of the  hydraulic jump formed at the base of the chute f o r  
a l l  flows. However, w i t h  the tail water dropped t o  elevation 5482 f e e t ,  
the jump swept v e l l  in to  the s t i l l i n g  basin fo r  discharges between 2'[0 
second f e e t  and the maximum flow of 350 second f ee t ,  indicating the control 
.all offered insuff ic ient  res is tance t o  the flow when there was no flow 
in  Five Mile Creek, Figures 27 and 28. 

Tne resistance t o  the flow in  tihe basin could be increased by 
e i tner  ra is ing the height of the control  w a l l  o r  reducing the s ize  of the 
control riotches. I n  Design B, the height of the control  w a l l  was increased 
from 4 f e e t  8 inches t o  5 f ee t  8 inches vnile maintaining the same bottom 
width and side slopes of the  notches. The range of flows with a s a t i s -  
factory jump was increased s l i gh t ly  w i t h  Design B, but for  discharges 
above 293 second f e e t  the jump s t i l l  swept i n t o  the s t i l l i n g  basin when 
the tail-water elevation vas 5462 f ee t .  

The top width of each of the control  notches uas reduced 1 foot  
i n  Design C ,  Figure 26. W i t n  the smaller control  notct~es ,  the jump was 
vell up on the chute for  all flows and tail-water e levat ions ,  and a d i s -  
charge of 397 second f ee t  was required to sweep the beginning of the Jq 
to  tile toe of the chute, Figure 26. Figure 29 shows the s t i l l b g  basin 



high and low tail-water elevations. Although the  s t i l l i n g  basin operation 
was sat isfactory f o r  a l l  flows with t he  control  notches of Design C,  it 
was decided t o  reduce the height of the  control  wall and see i f  eqLlally 
sat isfactory resul t8  could be obtained. 

Maintaining the same bottom width and s ide  slopes i n  .the notchee, 
the height of the control  wall was reduced from 5 fee t  8 inches t o  4 f e e t  
8 inches i n  Design D. From the data shown i n  Figure 28, it can be seen 
t h a t  Design D operated sa t i s f ac to r i l y  fo r  discharges up t o  315 second fee t .  
A t  t h i s  discharge, the jump s t a r t ed  t o  sweep in to  t h e  basin when t h e  tail- 
water elevation was a t  5482 fee t .  

Since Design D was unsatisfactory f o r  discharges above 315 second 
f e e t ,  the design section computed a new control  notch based on the above 
studies and the control notch studies on the Wyoming Canal drop and wasteway 
described i n  Part  I and I1 of t h i s  report .  The dimensions of those control  
notches a r e  shown as Design E, Figure 26. 

Tests on Design E showed the jump t o  be w e l l  up on the chute 
f o r  the complete range of flows and tail-water elevations,  Although no 
photographs were taken of Design E i n  operation, the  flow d is t r ibu t ion  
appeared t o  be the same as tht observed f o r  Design C,  Figure 29. 

TIiE RECOMPWDED DESIGN 

The recommended design, which includes control  notch Design E, 
is  shown i n  Figure 4. Although the control  notches of Design C, Figure 26, 
gave sat isfactory s t i l l i n g  basin operation fo r  all flows and tail-water 
elevations, Design E is  reconmended since the s i z e  of i t s  control notches 
were computed ustng data from the  wasteway and drop node16 a s  well as the 
resuLts from these studies.  

Erosion t e s t s  on t h e  recommended design were msdc f o r  the maximum 
discharge of 350 second f ee t  and tail-water elevations of 5482 and 5487 
fee t .  These r e su l t s  a r e  shown i n  Figure 30. Sand was used a s  the  erodible 
material, and each erosion t e s t  was run f o r  1 hour. 

With the tai l  water a t  elevation 5482 f e e t ,  t h e  scour vtis ra ther  
severe around the dowfistretlrn ends of the t ra ining walls due t o  eddies 
which formed a t  the s ides  of the outlet; channel, Figure 30. Although 
the eddies cut deeply in to  the sidebanks of the channel, the  deepest 
scour occurred a t  the ends of the training walls, where the scour depth 
was 4 f ee t  below the s t i l l i n g  basin f loor .  

However, with the tail water ra ised 5 f e e t  t o  elevation 5487 
f e e t ,  the s ide  eddies did not form and the erosion a t  the ends of the 
t ra ining valls was negligible.  



- - - -  --- 
Figure 31. The profiles were recorded for the nuutimm dlecherge of 350 
second feet  w i th  t a i l r a t e r  elevations of 5482 and 9 8 7  fee t .  

To provide a means of measuring the flow entering Five Mile 
Creek from the intercepting ditch, a head-discharge curve was obtained 
from the model fo r  the control section at the upstream end of the chute, 
Figure 32. The head-discharge relationship is based on t h e  head (depth 
of flow) measured in  the intercepting ditch at  Station 1438.00 or 70 fee t  
upstream from the chute. 

e 

I * 

14 
I 













Discharge = 1203 second-feet 

WYOMING CAX'IAL DROP 
Preliminary Design 





Figure 8 
Report Hyd - 376 

32 feet upstream from Drop 37 feet upstream from Drop 

42 feet upstream from Drop 47 feet upstream from Drop 

WYOMING CANAL DROP 
Operation of Two Control Notches Located 32 to 47 feet upstream from Drop 

Discharge = 1203 second-feet 
1:12 Scale Model 
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15 feet between Notch Center lines 
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Figure 10 
Report Hyd - 376 

18.25 feet between notch 
center l ines  

WYOMING CANAL DROP 
Operation of Two Notches at Varying Spacing 

(Notches Located 37 feet upstream from Drop) 
Discharge = 1203 second-feet 

1: 12 Scale Model 
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WYOMING C A N A L  DROP 
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Figure 13 
Report Hyd - 376 

Flow through notches Flow in stilling basin 

Two symmetrical notches 

One Symmetrical Notch One Unsymmetrical Notch 

WYOMING CANAL DROP 
Operation of One and Two Control Notches 

(Notch(es) Located 37 feet upstream from Drop) 
Discharge = 1203 second-feet 

1: 12 Scale Model 



Figure 14  
Report Hyd - 376 

Vertical edge of outside notches 
flush with training walls 

Vertical edge of outside notches 
offset 2 feet from training walls 

Three Notches - Center notch symmetrical and outside 
notches unsymmetrical 

Flow through notches Flow in stilling basin 

Four Symmetrical Notches 

WYOMING CANAL DROP 
Operation of Three and Four Control Notches 
(Notches Located 37 feet upstream from Drop) 

Discharge = 1203 second-feet 
1:12 Scale Model 



>;: Vert ical  distance in feet between trough and crest of waves measured on 
the 2:1 slope o f  the canal immediately downstream from the drop 

structure. 
.,.I, ,I..,. Recommended baffle pier arrangement. 

WYOMING C A N A L  DROP 
STUDIES TO D E T E R M I N E  LOCATION AND S I Z E  
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WYOMING CANAL DROP 
WATER SURFACE PROFILE 
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Figure 17 
Report Hyd - 376 
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PRELIM INARY DESIGN 
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DESIGN 2 
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WYOMING C A N A L  WASTEWAY 
DETAILS OF CONTROL NOTCH DESIGNS 

I :  12 SCALE MODEL 



Figure 21 
Report Hyd - 376 

No Tailwater 5 feet of tailwater 

Discharge = 1208 Second-feet 

No Tailwater 5 feet of tailwater 

Discharge = 400 h a n d - f e e t  

WYOMING CANAL WASTEWAY 
Preliminary Design 
1:12 Scale Model 



Figure 22 
Report Hyd - 

N o  Tailwater 

Discharge = 

5 feet of tailwater 

; Second-feet 

No Taflwater 

Discharge 

WYOMING CA 
De 

1:12 Sc 

NAL 
sign 
ale 1 

5 feet of tailwater 

WASTEWAY 
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Figure 23 
Report Hyd - 376 

No Tailwater 5 feet of tailwater 

Discharge = 1208 Second-feet 

No Tailwater 5 feet of tailwater 

Discharge = 400 Second-feet 

WYO~LI~NG C A N A L  L t r A S ' I ' ~ w ~ y  
Design 3 (Kecommended) 

1 : 12 Scnle Modcl 



Figure 24 
Report Hyd - 376 

A. 10-foot apron extansion B. Design 3 (Recommended) 
removed 

, I . . . ,  ". 

C. 2:l End sill installed D. 1:1 End sill installed 

WYOMING CANAL WASTEWAY 
Channel Erosion for variations in Design 3 

after Discharge of 1208 Second-feet 
1: 12 Scale Model 



Figure 25 
Report Hyd - 376 

The 1:12 Scale Model 

WYOMING CANAL INTERCEPTING DITCH 



D E S I G N  A 
(Pre l iminary)  

D E S I G N  B 
? 

D E S I G N  G 

-. 5'1" - -  -- 3~5"+ -- 5 ~ 1 "  ----3:5"~-3:2"+ -?I Za+ 
t I 

N 
--.I 
-.. I 

D E S I G N  D 

* 2L31"-3'-6"-~-- 5'0"--qc- 3'-6'-+-- 5'0" --&-3'6 *-3c1"+ 
1 2 1  

1112;c- 
1 

, b 

I ,  

I 

al v 
--.i 

----4 
D E S I G N  E 

(Recommended) 

W Y O M I N G  C A N A L  INTERCEPTING D I T C H  
V A R I O U S  C O N T R O L  N O T C H E S  T E S T E D  

1 :  12 S C A L E  M O D E L  



Figure 27 
Report Hyd - 376 

Flow conditions near top of chute 

Tallwater d e v .  = 5482 feet Tailwater elev. = 5487 feet 

Flow conditions in stilling basin 

WYOMING CANAL INTERCEPTING DITCH 
Preliminary Design 

Discharge = 350 Second-feet 
1: 12 Scale  Model 



FIGURE 28 
R E P O R T  H Y D . - 3 7  6 

fo. 0"1-46.68, . - C o n t r o l  notches 

CONTROL NOTCHES 

BOTTOM TOP WIDTH~ HEIGHT, 
DESIGN WIDTH,FEET FEET FEET 

i 

A 1.0 

B t.O 

C 1.0 

4.25 

4.94 

5.94 

4.67 

5.67 

5.67 

l I 

DISCHARGE TAILWATER DISTANCE 
. H CFS ELEV.,FEET X FEET 

350 5482 14 75' 

350 5486 9.30' 

350 0 

350 on chute 

2 7 0  0 

3 5 0  

:550 

350  

295  

5 5 0  

3 5 0  

397  

350 

5486.5 

5487 

5482 

5482 

5 4 8 6  

5487 

5482 

5482 

5487 

5482 

5482 

12.75' 

0 

on c h u t e  

0 

on chu te  

o n  chu te  

15.0' 

D I.O 

1.21 

3.42 4 . 6 7  

5.67 

315 

550 

550 

5.50 
3 5 0  

3 5 0  

5486.1 

5 4 8 7  

5482 

5482 

5487 

0 

on chute 

0 

on chu te  

on chu te  

W Y O M I N G  C A N A L  I N T E R C E P T I N G  D I T C H  

JUMP POSITION FOR DIFFERENT DESIGNS AND 

FLOW CONDITIONS 

1:12 S C A L E  M O D E L  





With tailwater at e lev.  5487 feet  

WYOMING CANAL INTERCEPTING DITCH 
Eros ion  Resul t s  for Recommended Design 

af ter  Discharge of 350 Second-feet  
1: 12 Scale  Model. 

F igure  30 
Report Myd - 376 

With tailwater at e lev .  5482 feet  






